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[57] ABSTRACT 

An X-ray diagnostic apparatus has a first X-ray generating 
portion for imaging of over-table tube, a second X-ray 
generating portion for imaging of under-table tube, and an 
X-ray detecting portion having a compact and light solid 
state detector light atuched to an clastic stay portion sus- 
pended from a ceiling to a floor. The solid state detector is 
supported by a central rotating arm for enabling central 
rotation about a central axis of the solid stale detcclor. and 
an elastic ofifsel rotating arm for enabling ofibct rotation 
dislocated from the central rotation. Therefore, by virtue of 
each rotation and the extension and contraction operation 
and further its compactness and lightness, the solid stale 
detector can be accurately and rapidly set to various posi- 
lionings in upward, downward, leftward, rightward and 
slanting positions, etc. with respect to a subject on a diag- 
noslic table. An image of the subject is picked up by property 
using either of the X-ray generating portions in accordance 
with the positionings of the solid state detector. 

26 Claims, 7 Drawing Sheets 



U.S. Patent Dec. 5, 2000 sheet 1 of 7 6,155,713 


FIG.l 

PRIOR ART 

100 


U.S. Patent Dec. 5,2000 sheet 2 of 7 6,155, 

FIG.2A 


PRIOR ART 

120 122 



121 


FIG.2B 

PRIOR ART 


110 


127 



113 


112 


111 


U.S. Patent Dec. 5,2000 sheet 3 of 7 6,155,713 

FIG.3 

PRIOR ART 




U.S. Patent Dec. 5,2000 sheet 5 of 7 6,155,713 


FIG.5 


23-1 

24 23-2 I 22 


ROW 


LINE 
DRIVING 
SECTION 


\ 21 


23-n 


26-1 


26-2 


27 


27 


12 


-Vn 

22 21 * 
25-1 


25-2 


COLUMN 


IT 


V 


CONTROL i i A MULTl- */ °/ 

2^ 28-1 - ' ? OUTPUT !«.„ 


"25-n 
26-n 
27 

28 


28-2 ^ OUTPUT 28-n 
29 


U.S. Patent Dec 5, 2000 sheet 6 of 7 


6,155,713 


FIG.6 


X-RAY 


48 


49 METALLIC / j / 

<«^ELECTRODE \ 


37 POLYIMTOE 


45 DRAIN 
ELECTRODE 

44 n+a-Si 


44 n+a-Si 



46 SOURCE 



i P 


34 LIGHT 
REFLECTING 
LAYER 

35 PHOSPHOR 

36 TRANSPARENT 
PROTECTING 
FILM 


38 TRANSPARENT 
ELECTRODE 

41 P*a-Si 
40 ia-Si 

39 n+a-Si 
-38 SiNx 

-31 SUPPORTING 
INSULATOR 


43 GATE ELECTRODE 



i 


6,155,713 


X-RAY DIAGNOSTIC APPARATUS HAVING 
AN X-RAY GENERATING PORTION AND AN 
X-RAY DETECTING PORTION 
INDEPENDENT OF EACH OTHER 

BACKGROUND OF THE INVENTION 

1. Field of ihc Invention 

The prescDl invenlion relates to an X-ray diagnostic 
. i.^K. r*u»<>c trt, an Y-rav diagnostic 


portion 122 and an clastic arm 123. The rail holding portion 

122 can move ibc X-ray detecting portion 125 along the rail 
attached lo ihc ceiling, independently to ihc movement of 
the X-ray generating portion 124. One end of the clastic arm 

123 is so held by the rail holding portion 122 as to freely 
extend and contract. The X-ray detecting portion 125 is 
arranged a! the other end of the elastic arm 123. 

In such separated holding devices, only an oscillating 
movement, a horizootal movement and a vertical movement 


JnC preSCDl Uiv&unv/" — --- ^ ^ mOVCmciU, d UUlUA^u^ai ■.uv/wwu.'wi... <^»'>.- 

apparatus, and particularly relates to an X-ray diagnostic jq X-ray generating portion 124 (or the X-ray delecting 


apparaiua, auu — _ j v 

apparanis in which an X-ray gen era tmg portion and an X-ray 
detecting portion are respectively independently arranged 
and can instantly cope with pickup images (fluoroscopy, 
radiography) in an over-table tube and an under-table tube 
and pickup images in various positionmgs. 
2. Prior Art 

In a holding device for a circulatory organ as a conven- 
tional X-ray diagnostic apparatus, an X-ray gencratmg por- 
tion and an X-ray delecting portion arc oppositely arranged 


portion 125) can be made. Accordingly, as shown in FIG. 3, 
the separated holding devices are mainly used for a lateral 
radiography as a lateral positioner of a biplane radiography. 

FIG. 2B is a view showing a U-typc arm as another 
positioner for biplane radiography. 

In FIG. 2B, the U-type arm has a stay portion 110 and a 
U-type arm 111. The stay portion 110 is held by a rail 
holding portion for movably holding the U-typc arm along 
a rail attached to a ceiling. The U-typc arm 111 is so held on 


n and an X-ray detecting portion are opposuciy dtruug^u ^ ^.^^j aiiached to a ceiling. iDc u-iype arm aax i2» =w 
both end portions of an arm and are fixedly held. It is 20 ^-^j^ j^e stay portion 110 opposed to the rail holding 
chQ TV it oencrallv divided into a" C-typc" -.nrtion as in miatc about a main shaft 127. An X-ray 


in cram cna puriiu"^ " jT . , . ■ / „r> 

known that an arm shape is gcncraUy divided into a C-typc 
having approximately a C-cbaracier shape and a U-typc 
having approximately a U^haracter shape. However, in 
view of efficiency of three dimensional positionmg, the 
C-iype arm is arranged in many cases at present. 

FIG.l shows a perspective view of the holding device for 
a circulatory organ having this C-type arm. 

As shown in FIG. 1. the holding device for a circulatory 
organ has a rail holding portion 100. a stay portion 101, a 
holder 102 and a C-type arm 103. TTie rail holding porUon 
100 movably holds the holding device for a circulatory 
organ along a rail attached to a ceiling. The stay portion 101 
is rotatably suspended from this rail holding Por^on 100. 
The holder 102 is so held on a side of this stay portion 101 
opposed to the rail holding portion 100 as to rotate about a 
main shaft. The C-type arm 103 is shdably held by this 
holder 102. 

An X-ray generating portion 104 and an X-ray detecting 


25 


portion as to rotate about a main shaft 127. An X-ray 
generating portion 112 and an X-ray detecting portion 113 
are oppositely arranged in both end portions of the U-typc 
arm 111. 

The separated holding devices shown in FIG. 2 A have a 
low degree of freedom of positioning as mentioned above. 
Therefore, a device having an Q-typc arm having an 
Q-charactcr shape is used in many cases instead of the 
separated holding devices having the U-iype arm. 
^° In the conventional holding device for a circulatory organ, 
the X-ray detecting portion (l.I-. an optical system, a TV 
camera, etc.) and the X-ray generating portion 104 as heavy 
objects arc arranged in both end portions of the C-typc arm 
103 so that rotating inertia of the holding device is large. 
Further, the C-typc arm 103 has an asymmetrical shape so 
that it is diflScult to balance rotation of the C-typc arm 103. 
Accordingly, positioning control of the holding device is 
electrically performed. However, a judgment about how lo 


35 


An X-rav cencrating portion 1U4 ana an A-ray aciccuu^ ciccini-aiiy y^iL^n^^^- . - , • t,, 

nn^on 105 (an image intensifier, an optical system, a TV operate the holding device must be made to set desirable 
portion (an image y unions of the ^ oositiooine. Further, skill is requu-cd to precisely perform an 


ponion K^u ' ' ' . - . 

camera, etc.) are so arranged m both end portions of the 
C-tvpe arm 103 as to be opposed lo each other. The X-ray 
dctec^ng portion 105 is so controlled by a moving mecha- 
nism 106 as to move upward and downward (toward the 
X-ray generating portion 104 and the opposite direction). 

In such a holding device for a circulatory organ, the X-ray 
generating portion 104 and the X-ray dctecung Portion 105 
arranged in both end portions ot the C-typc arm 103 are 
heavy in weight and large in size. Further, the C-type arm 


positioning. Further, skill is required to precisely perform an 
operation corresponding to each positioning and it is difiBcult 
to make a fine adjustment. Accordingly, it is difficult to 
accurately control the operation of the holding device in 
^5 intended positioning. 

It may be considered that this problem is solved by 
arranging a counterweight on the C-type arm 103. etc. to 
balance the rotation of the C-type arm 103. etc. so as lo 
heavv in wcifihl and large in size, hurtncr. mc «.-iype arm manually operate the holding device thereby making the fine 
mhal an Xmctricals^^^ 50 adjustment of positioning by this 

7 h«Unce the C-type arm 103 in slide motion. However, in this case, the rotating inertia of the holding 

Tni nf ihe C tv^ ™ 103 is electricalirperformed by difficult to accurately set the desirable positiomng. 
onerriinE a dedicated handle, a joy stick, etc. It may be further considered that a solid state detector (a 

In c^mrasl to this, separated holding devices generally 55 plane detector) formed by plural sohd state image pickup 
In conuasl to tni^ known In this separated holding elements is used as the X-ray detectmg portion instead of an 
d'ev^^s. the x"ay gene raUng portion and the X-ray detect- image intensifier (M) to facilitate the manual operation so as 
r^^nn^ ^vfr^^^^ held and arc oppositely arranged. to make the holding device compact and Lght in weight. 
i"SP°^'^°^'^^P"^":".:?!!°: .u. „„,«.;h hmnma However, when this plane detector is used, the holding 

60 device is unbalanced in weight on the side of the X-ray 
generating portion 104 so that the moment of rotational 


FIG.2A shows the constitution of the separated holding 
devices called the BC arms. 

In FIG 2A, the BC arms have a raU holding portion 120 
and an clastic arm 121. The rail holding portion 120 can 
move the X-ray generating portion 124 along a rail attached 
to a ceiling. One end of the clastic arm 121 is so held by the 
rail holding portion 120 as to freely extend and contract. The 65 
X-ray gencraUng portion 124 is arranged at the other end of 
the elastic arm 121. The BC arms also has a rail holding 


inertia of the holding device is greatly increased in com- 
parison with the present situation and there is also a fear that 
it is difficuh to control the operation of the holding device. 

The conventional separated holding devices can make 
only the oscillating movement, the horizontal movement and 
the vertical movement of the X-ray generating portion 124 
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(or ibc X-ray delecting portioD 125). Therefore, ihe X-ray 
generating ponion 124 (or the X-ray detecting portion) 
cannot be arranged under a subject. Accordmgiy. a problem 
exists in that an application range of the holding device is 
extremely limited (linnited to an use as a lateral positioner of 
a biplane radiograpby)- 

SUMMARY OF THE INVENTION 

The present invention has been achieved with such points 
of view It therefore is ao object of the present mvcniion to 
provide an X-ray diagnostic apparatus capable of perform- 
ing various positionings accurately and simply and accom- 
modating to various ranges of application. 

To achieve the above object, there is provided an X-ray 
diagnostic apparatus comprising: an X-ray generating por- 
tion for irradiating an X-ray to a subject; and a solid stale 
detecting portion formed by plural sobd state detecting 
elements for delecting the X-ray irradiated from the X-ray 
generating portion and movably provided mdependcntly of 
the X-ray generating portion. 

Since such an X-ray diagnostic apparams has the smaller 
and lighter solid stale delecting portion light than an image 
intcnsificr. the X-ray diagnostic apparams can easily hold 
the solid state detecting portion. Therefore, mertia oi each 
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15 


20 


offlock braking operation for fixing the solid stale detecting 
portion to a positioning at a time of power turning ofif. 

In a preferred embodiment of the present invention, 
positioning of the X-ray generating portion is controlled in 
a position opposed to the solid state detecting portion when 
positioning of the solid state detecting portion is controlled. 

In a preferred embodiment of the present invention, the 
solid stale detecting portion has a clutch control switch for 
manually on-oflf controlling the clutch of the holding 
mechanism, and positioning of the X-ray generating portion 
is controlled in accordance with a position of the solid stale 
detecting ponion manually controlled in positioning. 

In a preferred embodiment of the present invention, the 
positioning of the X-ray generating portion is controlled 
while a SID is constantly held. 

In a preferred embodiment of the present invention, the 
X-ray diagnostic apparatus further comprises means for 
setting the SID. 

In a preferred embodiment of the present invention, the 
X-ray diagnostic apparatus further comprises SID display 
means for displaying the set SID. 

In a preferred embodiment of the present invention, the 
X-ray diagnostic apparatus further comprises mode display 


the solid state detecting portion Therefore, inerua ot each displaying an indication of positioning mode 

movable section of the X-ray diagnostic apparams can be ^^^^ indicates that the SID is constantly held. 


reduced. Further, the X-ray generaung portion arid the solid 
state delecting portion can be independently moved. 
Therefore various positionings of the X-ray generating 
portion and the solid stale delecting portion can be aocu- 
ratcly and rapidly set by compensating an influence caused 
bv a weight of each movable portion. Accordmgiy, it is 
no^vsible to accommodate to various ranges of application. 

in a preferred embodiment of the present invenuon, the 
X-rav Ecneraiing portion comprises at least one of an X-ray 3^ 
generating portion for an undcr-tablc mbe capable of imag- 
ing in a slylc of undcr-tablc tube and an X-ray gencraUiig 
portion for an ovcr-table lube capable of imaging in a style 
of over-table tube. 

In a prefened embodiment of the present invention, the 4^ 
X-rav diagnostic apparatus further comprises a holdmg 
mechanism for so holding the solid stale detecting portion 
that the solid state detecting portion is capable of indepen- 
dcntlv rotating with respect to two horizontal axes thereof, 

- - . an nffcj^l rnlAtmn With 


which indicates that the SID is constantly held. 

In a preferred embodiment of the present invention, the 
X-ray generating portion comprises an arm formed in an arc 
shape of Vi circle which supports an X-ray generator. 

The nature, principle and utility of the invention will 
become more apparent from the following detailed descrip- 
tion when read in conjunction with the accompanying draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

FIG. 1 is a perspective view of a holding device for a 
circulatory organ as one of conventional diagnostic devices; 

FIG. 2 A is a perspective view of separated holding 
devices called BC anns as one of the conventional X-ray 
diagnostic apparatuss; 

FIG. 2B is a perspective view of an U-type arm used 


^nir.rof^.hT;rrars'^;r- ^^^^^^ « ^o,...r ^.U BC ..s shown in no. 2A; 


at iea.<ii one 01 • — — ---c - 

respect to a rotation axis dislocated from a central axis of the 
solid state detecting portion. 

In a prcfcned embodiment of the present invention, Ihe 
holding mechanism comprises: a first holdmg member 
connected to the solid slate detecting portion at one end 
thereof, for enabling the solid sUte detecnng portion to 
rotate about a central axis thereof; and a second ho ding 
member, so connected to the other end of the first holding 
member at one end thereof as to be perpendicular to a 
longitudinal direciion of the first holding member for 55 
enabling the solid state detecting portion to be offsct- 
rotatable about a rotation axis dislocated from the central 
axis thereof- 

In a preferred embodiment of the present mvenuon. at 
least the second holding member extends and contracts 
along a longitudinal direction thereof. 

In a prefcned embodiment of the present invention, the 
holding mechanism comprises a direct drive motor having a 
bearing for holding a load and enabling each rotating 
control and a clutch for electrically holding each position- 
ing determined by each rotating control, and wberem when 
power is turned off, the direct drive motor performs an 


FIG. 3 is a view showing a situation in which a biplane 
radiography is performed by using the separated holding 
devices as a lateral positioner together with the U-type arm; 
FIG. 4 is a view for explaining separated holding devices 
50 to which one embodiment of an X-ray diagnostic apparatus 
according to the present invention is applied; 

FIG. 5 is a view showing the constitution of a solid state 
detector arranged in the separated holding devices shown in 
FIG. 4; 

FIG. 6 is a cross sectional view of the solid state detector; 
and 

FIG. 7 is a view for explaining a case in which the 
jMsparated holding devices is used in a style of over-table 
tube. 


60 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of an X-ray diagnostic appa- 
ratus according to the present invention will next be 
described in deUil with reference to the accompanying 
drawings. 
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The X-ray diagnosiic apparatus according lo the present 
inveniion can be applied lo separated holding devices as 
shown in FIG. 4. This separated holding devices according 
to the present invention comprises a first X-ray generating 
portion 1 for imaging in the style of an over-table tube (the 
word "imaging" includes both "fluoroscopy" performed by 
irradiating a small amount of X-ray and "radiography- 
performed by irradiating a large amount of X-ray), a second 
X-rav cencraung portion 2 for imaging m the style of an 


to the central rotation. Since the arm 10 for ofiket rotation is 
extensible and contractiblc,lhe solid state dcteaor 12 can be 
set to various positions in upward, downward, leftward, 
righlward and slanting directions of the subject placed on the 
diagnostic table 16. 

Here, only Ihc arm 10 for ofifsel rotation is set to be 
extensible and contractiblc, but the arm 11 for central 
rotation may be also set to be extensible and contractiblc. In 
this case, a degree of freedom of positioning of the solid 


X-rav ocncrating portion z lor iraagmg iii u«i oiji^ v» iuir» ^a^^, a ^ ^ ~ 

iVnder-tablc tube, an X-ray detecting portion 3 for taking-in 30 stale detector 12 can be further increased 


X-rav information by the irradiation of X-ray from each of 
the X-ray generating portions 1, 2, and a diagnostic table 16 
for placing a subject to be imaged thereon. 

The first X-ray generating portion 1 for imaging in the 
sivlc of the over-table tube comprises a stay portion 6 which 
cfastically extends and contracts, an X-ray generator la 
arranged at one end (an end portion near a floor side) of the 
stay portion 6, and a ceiling base 5 connected to the other 
end (an end portion on a ceiling side) of the stay portion 6. 


The solid state detector 12 is provided with handles at its 
both side portions with respect to the longitudinal direction. 
An operator grips the handles 17 to manually set positioning 
of the solid stale detector 12. Each of the handles 17 has a 
clutch control switch 13 at its position where a right hand 
thumb may turn on and off the switch 13 when the operator 
grips the handle 17 by the right hand, for example. 

The clutch control switch 13 is used to control connection 
and disconnection of a clutch for fixing the X-ray detecting 


end ^an end portion on a ceiling sine; oi me siay pumun «. and oisconncciion oi - i-miwii l^. --e, 

The Veiling base 5 can slide along a rail 4 attached on the 20 p^^^^^n 3 in a position to be set. The clutch of each movable 
. ^ r,«i v.rnv opnpraiinu nortion 1 can r,r.rtinn U dkcnnnectcd bv turainc on the clutch control 


1 nc cciiiHK y^^^ = 

ceiling so thai the entire first X-ray generating portion 1 can 
move along the rail 4. 

The stay portion 6 is provided with a spring balancer 
arranged in the stay portion 6 so as to be mechanically ^ 
compensated in gravity. 

Namely the X-ray generator la is held in such a state as 
to be suspended from the ceiling by means of the stay 
portion 6, thereby being able to move along the rail 4 and 
thus relatively move with respect to the subject placed on the 
diagnostic table 16. 

The second X-ray generating portion 2 for imaging m the 
stvle of the under-table lube comprises a stay portion \9a 
fixed to the floor, a holder 19ft mounted on the stay portion 
\9a in such a way as to be rotatablc about the stay, a slide 35 
arm 18 slidably mourned on the holder 19b and having a W 
circular shape, and an X-ray generator lb fixed to one end 
of the slide ann 18- By virtue of the constitution of the 
second X-ray generating portion 2, the X-ray generator 76 
can be positioned on any part of a lower half sphencal 
surface under the subjcct(the diagnostic table 16). 

Thc diagnostic table 16 is supported by an elastic stay 
portion 15 at its one end with respect to a longitudinal 
direction The slay portion 15 is connected to a ceiling base 
14 movable along the rail 4. Therefore, the diagnostic table 45 
16 can move along the rail 4. 

llie X-ray detecting portion 3 comprises an elastic slay 
portion 9 connected to a ceiling base 8 movable along the 
rail 4 and a soUd state detector 12 having a delecting face 
12^7 on one face thereof. The detecting face I2fl is formed by so 
two dimensionally arranging plural solid stale image pickup 
elements. 

The solid state detector 12 is provided with an arm U for 
central rotation which is formed in such a way that a central 
shaft of the solid state detector 12 is extended. An elastic ann 
10 for oflsct rotation is connected to an end portion of the 
arm U for central rotation, the end portion which is other 
than one connected to the solid state detector 12. The arm 10 
for ofiket rotation is perpendicular to the arm 11 for central 
rotation An end portion of the arm 10 for oflfsct rotation, the 60 
end portion which is other than one connected to the anm 11 
for central rotation, is connected to the stay portion 9. 

By virtue of such a constitution, the X-ray detecting 
portion 3 can move along the rail 4. Further, the arm U for 
central rotation enables central rotation about the central 65 
axis of the solid state detector 12. and the arm 10 for offset 
rotation enables ofiEsct rotation having an offset with respect 


55 


portion is disconnected by turning on the clutch control 
switch 13 so that positioning control can be manually 
performed. The clutch of each movable portion is connected 
by turning off' the clutch control switch 13 so that the X-ray 
detecting portion 3 is fixed in the position at the time when 
the switch 13 is turned off. 

Here, for example, as shown in FIG. 5, the solid state 
detector 12 is made by two-dimensionally arraying X-ray 
detecting elements in column and row directions. Each of 
the X-ray detecting elements comproscs a pixel 21 and a thin 
film transistor (TFT) 22. The pixel 21 senses a visible ray 
converted from X-ray information by a phosphor (a phos- 
phor 35 in FIG. 6) which will be explained later, and forms 
an electric charge corresponding to an incident light amount 
of the visible ray. The thin film transistor 22 is used as a 
switch for reading the electric charge accumulated in the 
pixel 21. 

Each pixel 21 has a photodiode for sensing the visible ray 
and forming the electric charge corresponding to the inci- 
dent light amount, and a capacitor (a capacitor for 
accumulation) for accumulating the electric charge formed 
by this photodiode. 

A connection point of a cathode terminal of the photo- 
diode and one terminal of the capacitor for accumulation is 
connected to a backward bias power source (-Vn) through 
power lines 25-1, 25-2, .... 25-n. A connection point of an 
anode terminal of the photodiode and the other terminal of 
ihe capacitor for accumulation is connected to a source 
terminal of each TFT 22. 

Gate terminals of the TFTs 22 in each row are commonly 
connected to each other through respective reading-out lines 
23-1, 23-2, . . . , 23-n, and are connected to respective line 
output terminals of a line driving section 24. 

Drain terminals of the TFTs 22 in each column are 
commonly connected to each other through respective ver- 
tical transfer lines 26-1, 26-2, .... 26-n, and arc connected 
10 respective switches 28-1. 28-2. .... 28-n of a multiplexer 
28 through a respective reading-out amplifier 27. 

Upon reading, a control section 20 sequentially performs 
turning-on control of the TFTs 22 of the respective reading- 
out lines 23-1, 23-2 23-n through the line driving 

section 24 to sequentially select and control the accumulated 
electric charges on the respective reading-out lines 23-1, 
23-2, . . . , 23-n. Then the control section 20 performs on/off 
control of the respective switches 28-1. 28-2, . . . , 28-n of 
the multiplexer 28 so as to sequentially select the accumu- 
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latcd electric charges in each line supplied to the multiplexer 
28 Accordingly, a fluoroscopic image signal or a radio- 
graphic image signal can be outputted through an output 
terminal 29. 

Further specifically, a cross section of each X-ray detect- s 
ing clement is formed as shown in FIG. 6. The TFT 22 is 
formed on a TFT area 32 on a supporting insulator 31 and 
the pixel 21 is formed on a pixel area 33 (PD area) on the 
supporting insulator 31. 

In the TFT area 32, a gate electrode 43 is formed on the jq 
supporting insulator 31 and an SiNx layer 38 is laminated on 
the gate electrode 43. An n-Si layer 47 is laminated on the 
SiNx layer 38. A drain electrode 45 is formed on the n-Si 
layer 47 through an n* a-Si layer 44 and a source electrode 
46 is formed on the n-Si layer 47 through the n* a-Si la^^ 
44 A first polyimidc resin layer 37 is lammated on the TFT 
area 32 and a mclaUic electrode 49 is formed on the first 
polyimide resin layer 37. 

In the PD area 33. an SiNx layer 38 and a transparent 
electrode 42 connected to the source electrode 46 are I ami- 
nated on the supporting insulator 31. An n a-Si layer 39. an 
i a-Si layer 40. a p* a-Si layer 41 and a transparent electrode 
38 are laminated in that order on the transparent electrode 42 
so that a photodiode of a Pin structure is formed. 

Next a second polyimidc resin layer 48 is lammated on 
the TFT area 32 and the PD area 33. A transparent protecting ^ 
film 36 is laminated on the second polyimidc resin layer 4«. 
A phosphor 35 for converting the above X-ray informalion 
to a visible ray is formed on the transparent protecting film 
36 A light reflecting layer 34 for rcHeciing the visible ray 
and taking only the X-ray information in is formed on the 30 
phosphor 35. . . • - 

In the solid stale detector 12 having such a constitution, 
when the X-ray information formed by irradiating an X-ray 
to a subject is inputted to the solid state detector 12 a visible 
ray is reflected on the light reflecting layer 34 and only the 35 
X-ray informalion is inputted to the phosphor 35 through the 
URht reflecting layer 34 and is convertedlo a visible ray 
corresponding to the X-ray information. The v^ible ray is 
transmitted through the transparent protecting film 36 and 
the second polyimide resin layer 48 and is further received ^ 
by a photodiode sensitive to the visible ray through the 
transparent electrode 38. 

The photodiode forms an electric charge corresponding to 
the visible ray and supplies the electric charge to the 
capacitor for accumulaUon. Thus, the electric charge (an 45 
imaging signal) corresponding to the X-ray information is 
accumulated into the capacitor for accumulaUon. The elec- 
tric charge accumulated into the capacitor for accumulation 
is read by reading-out control of the control section 20 as 
mentioned above through reading-out Uncs 23-1. 23-2, ... 50 

23-n line byu hoc and is supplied to a monitor device, etc. 
through the multiplexer 18 and the output terminal 29. 

In the meanwhile, when such separated holding devices 
are used in the style of an under-table tube, a subject is 
placed on the diagnostic table 16 as shown in FIG. 4 and the 55 
X-ray detecting portion 3 is controlled and moved to be able 
10 acquire X-ray informalion with respect to a desirable 
portion of the subject. 

The movement of the X-ray detecting poruon 3 is per- 
formed by controlling the rotation of a roUer provided on the 60 
ceiling base 8 by a motor and a transmission system. Thus, 
the X-ray detecting portion 3 can move along the rail 4. 

A stay portion 9 is rolaiably attached to the ceiling base 
8 through a bearing, etc. so that the solid stale detcclor 12 
can be rotatable about a vertical axis. The soUd slate detector 65 
12 is rotated by transmitting power of a motor by a chain 
sprocket, etc. 


Further, for example, the stay portion 9 can be vertically 
fi-ecly extended and contracted by a divisional structure such 
as a bellows mechanism or a fishing rod. A controlled stroke 
position of the stay portion 9 is held by a spring balancer, 
etc. installed therein. 

A movement of the offset rotating ann 10 attached to the 
stay portion 9 is controlled by a driving system to move the 
solid state detector 12 in a horizontal transversal direction 
(an extending direction of the offset rotating arm 10). 

The solid state detector 12 can be centrally rotated by 
means of the central rotating arm 11 arranged along a central 
axis thereof and can be offset -rota ted by means of the offset 
rotating arm 10. 

For example, these rotations are performed by a direct 
drive motor (D.D motor) having a load supporting bearing. 
Unbalance torque of the D.D motor caused by the offset 
rotation is caused since a center of gravity of the solid state 
detector 12 is dislocated fi-om its center of rotation (the offset 
rotating arm 10) by the offiset rotation of the solid state 
detector 12. This unbalance torque can be univocally cal- 
culated irrespective of a rotating position by the central 
rotation if a rotating position of the solid stale detector 12 by 
the offset rotation is determined. Therefore, an operation of 
the D.D motor is controlled in accordance with the rotating 
position of the solid state detector 12 so as to cancel the 
unbalance torque. Thus, the rotating balance of the solid 
state detector 12 can be kept. 

When the solid stale detector 12 is electrically balanced in 
this way, there is a fear that a brake is turned off when power 
supplied 10 the D.D motor is turned ofl^. Therefore, the D-D 
motor is provided with an offlock brake for holding the 
rotating position of the solid state detector 12 when the 
power is turned off". Thus, the rotating position of the solid 
state detector 12 is held even when the power is turned ofif. 
Therefore, it is possible to prevent the disadvantages that the 
brake is turned off. 

The D.D motor which can be directly connected to a load 
is used so that no power transmission system is required and 
highly accurate positioning can be performed. 

The central axis of the central rotation and the central axis 
of the offset rotation are perpendicular to each other (an 
offset is provided). Therefore, solid state detector 12 does 
not interfere (contact) with each of the arms 10, 11 on each 
rotation so that ihe solid state detector 12 can be rotated 
through 360** in each rotation. 

The central rotating arm 11 is arranged along the central 
axis of the solid stale detector 12 (there is no offset) so that 
the rotating balance can be kept and the size of a power 
system can be reduced. 

Thus, the solid state detector 12 is electrically compen- 
sated in gravity by the D.D motor having the ofQock brake, 
etc. 

Here, positioning of the solid state detector 12 can be also 
adjusted by a manual operation. In such manual control, the 
solid state detector 12 has two modes and these two modes 
are switched at an operator's will. Supposing that these two 
modes are an A-mode and a B-mode, the solid stale detector 
is positioned at tlic operator's will in the A-mode. Namely, 
the solid state detector 12 can be positioned to an intended 
position at high speed on the basis of a sense of the operator 
without any restriction in positioning path. 

Specifically, the solid state detector 12 is provided with 
handles 17 which Ihe operator grips to turn on the clutch 
control switch 13. When the clutch control switch 13 is 
turned on, a clutch of each movable portion is disconnected 
and positioning of the solid sUle detector can be manually 
controlled. 


t 
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The rotating shafts of the ofisct rotating arm 10 and the 
central rotating arm 11 is provided with a force detecting 
device made by a distortion gauge, etc. Unbalances caused 
bv cravity and external force arc discriminated from each 
oiher by this force detecting device. When ^ he operator 
applies operating force to the solid state detector 12 by he 
manual operation, the soUd state detector 12 can be rotated 
in accordance with this operating force while connecting to 
a oower source. Thus, the solid state detector 12 can be 
controlled to move to a desirable position of the operator. 


the second X-ray generating portion 2 is set to a range on a 
lower half spherical surface under the subject so that an 
image of the subject can be picked up in the style of 
under-table tube. 

On the other hand, when such separated holding devices 
are used in the style of over-table lube, the subject is placed 
on the diagnostic table 16 as shown in RG. 7 and the solid 
Slate detector 12 is located at a rear side (a back side of the 
subject in the case of FIG. 7) of the diagnostic table 16 by 


.ntrolled to move to a desirable position of the operator controlling to extend the stay portion 9. Then, the operation 
The operator manually controls the solid state detector 12 ^^j.^ ^^^^^ detector 12 is manually or automatically 
» ^Mcirahle nosiiion and then turns on the clutch 

where X-rav information 


lo move to a desirable position and then turns off the clutch 
control switch 13. Thus, the clutch of each movable portion 
is connected and the X-ray detecting portion 3 is hxed in the 
position at the time when the clutch control switch 13 is 
turned oflf. ^ , 

In contrast to this, in the B-mode. each angle setung 
operation (CRA/CAU. ^^O/I^O) is performed wh^^^ 
SID (Sourcclmage Distance) is constantly held. This SID is 
inputted bv the operator through an input portion such as a 
ten key arranged in a console, etc. For example, when the 
SID is set to 100 cm, it is impossible to move the sohd state 
detector 12 in a position other than a position of 100 cm SID. 
Namely, the solid state detector 12 can be moved only on a 
spherical surface with an isocentcr as a ^c^?;^"»gl3^ 
the solid state detector 12 is manually operated while the 
SID is constantly held. 

When the clutch control switch 13 is turned on in this 
B-mode, combinations of parameters of angles and positions 
of movable portions in which the SID is not changed are 
calculated (or calculated in advance). An operation of each 
driving motor is controlled such that the solid state detector 
12 do not move to a position other than a position deter- 
mined by this combination, i.e.. other than a position m 
which the SID is not changed. 

The A-roodc and B-mode arc switched by a switch on the 
console, etc. Further, the present mode and the SID arc 
displayed on a monitor, an indicator, etc. m addition to on 
the console. 

When the moving control of the solid stale deleclor 12 is 
switched from the manual control to automauc control, the 
solid state detector 12 can be operated while the SID at a 
manual control time is held. 

Each movable portion of the solid stale detector 12 is 


30 


III uic .-*v.iiu o*o»w «v-.v,w - ^lly or automatically 

controlled to move in a position where X-ray information 
with respect to a desirable portion of the subject by using the 
above offset and central rotations. 

Since the stay portion 9 can be freely extended and 
contracted, the solid state detector 12 can be simply located 
at the rear side of the diagnostic table 16. As mentioned 
above, since the solid state detector 12 can be independently 
rotated through 360** in each of the offset rotation and ihe 
central rotation, the solid state detector 12 can be sci to 
various positionings. 

When positioning of the solid state detector 12 is con- 
trolled in this way. the rotation of a roller installed in the 
ceiling base 5 of the first X-ray generating portion 1 as an 
X-ray generating portion for imaging of over-table tube is 
controlled by a transmission system such as a motor, a chain 
sprocket, etc. so that the X-ray generator la is automatically 
located oppositely to the delecting face 12fl of the solid state 
detector 12 controlled in positioning. Thus, an image of the 
subject can be picked up in the style of over-table tube. 

As can be clearly seen from the above explanation, the 
first X-ray generating portion 1 for imaging of over-table 
nibc, the second X-ray generating portion 2 for imaging of 
under-table tube, and the X-ray detecting portion 3 having 
the solid state detector 12 formed by plural solid state 
detecting elements can be independently moved io the 
separated holding devices in the embodiment. The solid state 
detector 12 can be centrally routed through 360* about a 
central axis of the solid stale detector 12 and can be 
ofiset-rotated through 360** in a state in which an oflset is 
provided in this central rotation. 

Therefore, it is possible to rapidly and accurately provide 
the over-table mbe typed imaging and the under-table mbe 


Each movable portion of the ^hd ^^aie d^^tea^^^^ is applicable to various positionings so that it 

provided with a position detecting f^".^^/"^.^. « /an be widely applied to clinical fields. 

h^i^Z:^ ^^':ltloning^^the soUd state detector 12 can be a^ 

detector 12 is ^^^^^ /^^^ 2 for imaging of manually controlled so that fine positioning control can be 

^'I'^'llt^^^^^^^ performed in accordance with an operator's wi I 

under-table tubcis ^^'^^^^^ 3^3.e Accordingly, a burden of the operator caused by a compli 

detecung face 12^7 oi tbc conirouca au .u „cration usine an electric movement can be reduced 


detector 12. 

Specifically when the soUd state detector 12 is manuaUy 
moved, for example, a position and a direction of the solid 
Slate detector 12 are momentarily detected by the position 
detecting sensor such as a potentiometer etc six- 
dimensionaUy (positions in a three dimensional coordmate 
space and rotating angles with respect to these axes). A data 
processor momentarily calculates coordinates in a position 
for moving the X-ray generator 7b on the basis of these 


catcd Operation using an electric movement can be reduced. 

Further, since the first X-ray generating portion 1, the 
second X-ray generating portion 2 and the X-ray detecting 
portion 3 are independently provided, no C-arm, etc. for 
55 oppositely holding the X-ray detecting portion and the X-ray 
generating portion are required so that a mechanical inter- 
ference can be avoided and further a working space can be 
secured and a field of view can be enlarged. 

In the case of a patient carried by an ambulance car, for 


f^r mnvinp the X-ray generator 7£» on tne oasis 01 inc2»c lu inc a 

^eteSenalT Rotation of the holder 196 as a movable 60 example, no diseased portion is known in many cases since 
detected data. *<oiau .„«„«hi^ nnrtion are the naticnt loses consciousness, etc. In such cases, at first it 


oeieciea wui. ixwio^.w- — — - 

portion and slide of the sUde arm 18 as a movable portion arc 
electricaUy controlled on the basis of the calculated f>osition 
coordinate data so that the X-ray generator 7b is positioned. 
A motor as an electric motor and a chain belt as power 
transmission are utUizcd as concrete drivmg members. 

As mentioned above, the sUde arm 18 has a % circular 
shape. Therefore, a range capable of irradiatmg an X-ray of 


the patient loses consciousness, etc. In such cases, at first it 
is necessary to specify causes by performing fluoroscopy 
and radiography and make a medical plan. However, if il 
takes long lime lo perform the fluoroscopy and the 
65 radiography, this time endangers life. The separated holding 
devices in the present invention can rapidly and accurately 
perform the fluoroscopy and tbe radiography in various 


f 
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posiiionings as mcotioncd above. Therefore, the separated 
holding devices can instantly perform the fluoroscopy and 
the radiography in precise positioning using a manual 
operation, etc. by only moving the patient earned by the 
ambulance car to an inspccUng room in a state in which the 
patient is placed on a stretcher. Therefore, a subsequent 
medical plan can be instantly made and the separated 
holding devices can greatly contribute to hfcsaving. 

Id the above cxplaoalion in the cmbodimenl. the detecUng 
face 12a of the soUd slate detector 12 is arranged only on one 
side but may be arranged on both sides of the solid slate 
detector 12. In this case, time and labor for rotating the 
detecting face of the solid state detector 12 can be omitted 
both when the fluoroscopy and the radiography are changed 


both wden ine nuoruj»(-uF7 •™-ar--r-/ - - " j { . 

in ^tvlc from the over-table tube to the under-table tube, arid 15 ,s controlled 


4. The X-ray diagnostic apparams as claimed in claim 2, 
wherein the holding mechanism further comprises: 

a direct drive motor having a bearing configured to hold 
a load and enabling each routing control; and 

a clutch configured to electrically hold each positioning 
determined by each rotating control, and wherein 

when power is turned off. the direct drive motor performs 
an ofilock braking operation for fixing the solid state 
detecting portion to a positioning at a time of power 
turning off. 

5. The X-ray diagnostic apparatus as claimed in claim 4, 
wherein positioning of the X-ray generating portion is 
controlled in a position opposed to the solid sUlc detecting 
portion when positioning of the solid state detecting portion 


in siyic iroui ^^-rvi — . 

when the fluoroscopy and the radiography is changed in 
style from the uoder-tablc tube to the over-table tube. 
Accordingly, the separated holding devices can greaUy con- 
tribute to the above meniioDed rapid fluoroscopy and radi- 
ography. „ 

As mentioned above, in accordance with the X-ray diag- 
nostic apparatus in the present invention, vanous posiiion- 
ings can be pcrfonned accurately and rapidly so that it is 
possible to accommodate to various ranges of appbcation- 


6. The X-ray diagnostic apparatus as claimed in claim 5, 
wherein the solid state detecting portion has a dutch control 
switch configured to manually on-ofif control the clutch of 
the holding mechanism, and positioning of the X-ray gen- 

20 erating portion is controlled in accordance with a position of 
the solid state detecting portion manually controlled in 
positioning. 

7. The X-ray diagnostic apparatus as claimed in claim 6, 
wherein the positioning of the X-ray generating portion is 


It should 


ccommodatc lo vanous rangw ay/puwo»««. . — r~ . . , . 

nndcrs-ood .ha. many .odifica.ions and « -.roUed whU a ^^^^^^ 


adaptations of the invention will become apparent to those 
skilled in the art and it is intended to encompass such 
obvious modifications and changes in the scope of the 
claims appended hereto. 
What is claimed is: 

1. An X-ray diagnostic apparams compnsmg: 

an X-ray generating portion configured to irradiate an 
X-ray to a subject; 

a solid state detecting porUon fonncd by plural sohd state 
delecting elements and configured to detect the X-ray 
irradiated from the X-ray generaung portion and mov- 
ably provided independently of the X-ray gencraung 
portion; and , 

a holding mechanism configured to hold the solid state 
detecting portion such that the solid state detecting 
portion is horizontally movable, pivoiable on a vertical 
axis pivotable on a horizontal axis which crosses the 
vertical axis and rotatable about an axis which crosses 
ihe horizontal axis and is parallel to a detecting plane 
of the solid slate detecting portion. 

wherein the X-ray gencraung portion comprises a i least 
one of an X-ray generating portion for an undcr-table 
tube capable of imaging in a style of under-tab e mbe 
and an X-ray generating portion for an over-table mbe 
capable of imaging in a style of over-table tube. 

2. The X-ray diagnostic apparatus as claimed in claim 1. 
wherein the holding mechanism comprises: 


35 


45 


50 


S. The X-ray diagnostic apparatus as claimed in claim 7, 
further comprising a mode display mechanism configured to 
display an indication of positioning mode which indicates 
ihat the SID is constantly held. 

9. An X-ray diagnostic apparatus comprising: 

an X-ray generating portion configured to irradiate an 
X-ray lo a subject; 

a solid state delecting portion formed by plural solid slate 
detecting elements and configured lo delect the X-ray 
irradiated from the X-ray generating portion and mov- 
ably provided independently of the X-ray generating 
portion; 

a sliding base configured to slide along a ceiling; 
a stay having one end roiatably connected to the sliding 
base; 

a first arm having one end roiatably connected lo the other 
end of the stay, the first arm being perpendicular to the 
Slay; and 

a second arm having one end roiatably connected to the 
other end of the first arm. the second arm being 
perpendicular to the first arm. and having the oiher end 
connected lo a side of the solid slate detecting portion. 

10. The X-ray diagnostic apparatus as claimed in claim 9, 
wherein the stay and the first arm are configured to be 
extendable and con tractable along longitudinal directions 
thereof, respectively. 

11. The X-ray diagnostic apparatus as claimed in claim 9, 
wherein the holding mechanism comprises a direct drive 

' - load and 


a slidine base configured to slide along a ceUing; _ 

one erdro.a.ablyconocc.cd.0 .be Sliding „ --^^J-^^ " ' 

base; . u 

a first arm having one end roiatably connected to the other 
end of the stay, the first arm being perpendicular to the 
stay; and 

a second arm having one end rotatable connected to the 60 

other end of the first arm, the second arm being 

perpendicular to the first arm, and having the other end 

connected to a side of the solid state detecting portion. 
3. The X-ray dia^osac appara.^ -^^'^^nti-d t be « "n.=7n7p;.7i;;%-po;ed-.oVhe°^^^^^^^ 

<■ is controlled, 

thereof, respectively- 


a clutch configured to electrically hold each positioning 
determined by each rotating control, and wherein 

when power is turned off, the direct drive motor performs 
an offlock braking operation for fixing the solid stale 
detecting portion to a positioning at a time of power 
mming off. 

12. The X-ray diagnostic apparatus as claimed in claim 
wherein positioning of the X-ray generating portion is 
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13 The X rav diaEnoslic apparatus as claimed in claim 20. The X-ray diagnostic apparatus as clam,ed id claim 

12 therein .be soUd state dejecting portion has a clutch 18. wberem the hold«,g mecbatusm comprises: 

comroSch for manually on-off cin.rolling the dutch of a sliding base configured to slide along a ce.1 mg. 

T h^ldi^ mechanism, and positioning of the X-ray gen- a suy having one end routably connected to the shd.ng 

:rd,f^1Z%i::^^^r^''^^^^^ afi'rsTa;mhavingoneendro.a.ab,ycoonecte<Jto.heother 

the solid Slate dciecung puiuuu j ^^^^^ perpendicular to Ihe 

x-ray di^^^^^^ ^^V; ^ 

13, whereu, tbej»s,uon.neof^e X 

is controlled while a SID is constantly new. oerpeodicular to the first arm, and having the other end 

15. The X-ray diagnostic apparatus as ciauneo in cam, ^J:^„d ,„ a side of the solid State detecting portion. 

14, wherein the X-ray diagnostic apparatus further com- ^^oonnec^^^^^ diagnostic, apparatus as claimed in claim 
prises means for setting the SID. 20 wherein the stay and the first arm are configured to be 

16. The X-ray diagnostic apparatus as clauned in claim ^^[^ndible and contraclible along longitudinal directions 

15, wherein the X-ray diagnostic apparatus further com- 15 ^^^^^^^^ respectively 

prises SID display means for displaying tne set aiu. ^2. The X-ray diagnostic apparatus as claimed in claim 

17 The X-ray diagnostic apparatus as claimed m claim ^o, wherein the holding mechanism further comprises: 

14 wherein the X-ray diagnostic apparatus further com- ^ ^.^^^^ ^^^^ ^^^^^ ^^^^^ 3 bearing configured to hold 

prises mode display means for displaymg an mdication ot ^ ^^^^ enabling each rotating control; and 

positioning mode which indicates that the SID is constantly 20 ^ ^^^^^^ configured to elcctricaUy hold each positioning 

held. . . determined by each rotating control, and wherein 

18. An X-ray diagnostic apparatus compnsmg: ^^^^ ^^^^ ^^^^ ^-^^^ ^^^^ ^^^^^ performs 

an X-ray generating portion configured to irradiate an offlock braking operation for fixing the solid state 

X-ray to a subject; detecting portion to a positioning at a time of power 

a solid state detecting portion formed by plural solid state turning off. . . 

detecting elements and configured to detect the X-ray 23. The X-ray diagnostic apparatus as claimed 10 claim 

irradiated from Ibe X-ray generating portion and mov- 22, wherein the solid state detecting portion has a clutch 

ably provided independently of the X-ray generating control switch configured to manuaUy on-off control the 

portion- and 30 clutch of the holding mechanism, and positioning ot the 

n holdinc' mechanism configured to hold the sofid stale x-ray generating portion is controlled in accordance with a 

delecting portion such that the solid stale deiecUng position of the solid state detecting portion manually con- 

norlion is horizontaUy movable, pivotable on a vertical iroUed in positioning. 

Divotablc on a horizontal axis which crosses the 24. The X-ray diagnostic apparatus as claimed in claim 

vertical axis and rotatable about an axis which crosses 35 23. wherein the positioning of the X-ray generaUng portion 

Ihe horizontal axis and is parallel to a detecting plane is controUed while a SID is consunlly held, 

of the solid state delecting portion, 25. The X-ray diagnostic apparatus as clairned in claim 

Wherein positioning of the X-ray generating portion is 24. fon her comprising a setting mechanism 

coniroUed in a position oPP°^^^/J|r ^^f, ^ 26 THe X-ray diagnostic apparatus as claimed in claim 

delecting portion ^^^^^^ ^^'^ ''^'^ ^ 24^ fu^er cor^prSing a mode^display mechanism config- 

Ip'^T^^'K^^^^ - - ^^P^^y an indication of positioning mode which 

18 whillfin the xt;ay generatS^ portion comprises an ami indicates that the SID is constantly held, 

formed in an arc shape of »/4 circle which supports an X-ray ^ ^ * * * 
generator. 


